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(54)  Shift controls for automated shifting manual transmissions

(57)  An automated shifting system for a manual
transmission having a neutral clutch connecting an en-
gine to a multiple ratio transmission, the transmission
having servo operated gear shift mechanism. A driver-
controlled gear shift switching mechanism is used to ac-
tivate the servos that effect ratio range changes. A gear
shift switching mechanism includes multiple switches
for triggering operation of the servos that control the ra-
tio range changes. A range sensing redundancy strate-
gy for the ratio range switches provide improved protec-
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tion against an unintended change in direction due to
three-bit separation between bits of the valid codes and
to a range sensing swit.ch failure strategy by identifying
when a range change commanded by the driver exhibits
a single-point fault condition. A fault condition due to a
single-point sensing switch failure is identified even in
those instances when a range change commanded by
the driver allows continued normal control system oper-
ation, although the driver is notified of the failure by a
system warning device.
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Description

[0001] The invention relates to multiple ratio automo-
tive transmissions in which ratio range changes are ef-
fected by a driver-operated switching circuit.

[0002] Manual transmissions for use in automotive
vehicles typically include a main shaft and a counter-
shaft upon which torque transmitting gears are mounted
for establishing and interrupting discreet torque trans-
mitting paths. They typically include synchroniser
clutches having clutch sleeves that are adjusted to effect
driving torque distribution through the gearing. The syn-
chronisers are adjusted by means of a gear shift mech-
anism including shift forks carried on shift rails. Selec-
tion by the driver of a shift rail for a particular ratio is
accomplished by adjusting a manually controlled shift
lever in one shift plane and shifting the selected shift rail
as the shift lever is adjusted by the driver in a different
shift plane.

[0003] In a so-called shift-by-wire, manual transmis-
sion, the mechanical shift mechanism is replaced by
servo operators that effect shifting movement of the shift
rails. The servo operators are controlled by opening and
closing ratio controlling switches in a control panel. Such
shift-by-wire transmissions require sensors for detect-
ing a defective circuit in any of the switches which would
interfere with a ratio controlling sequence or ratio range
selection.

[0004] The improvement of the invention can be ap-
plied to a transmission having a shift-by-wire ratio con-
trol. It comprises a warning system that informs the ve-
hicle operator of a failure that would affect ratio range
controlling functions. The invention is characterised by
aredundancy strategy that can detect single-point sens-
ing switch failures as well as failures that would interfere
with normal shifting functions.

[0005] In the case of a single-point switch failure, the
improved control system of the invention will allow au-
tomated shifting and range selection of the control sys-
tem, although the operator will be informed of the pres-
ence of a single-point switch failure so that remedial
servicing can be obtained before a fault condition occurs
that would interfere with normal control functions.
[0006] The invention provides improved protection,
by providing three-bit separation between the bits of val-
id codes, against an unintended change in the direction
of torque delivery in the transmission due to a range
sensing switch failure. It does this by identifying when a
range change is being commanded by the driver even
when a single-point sensing switch failure is present. It
will identify also when a range change is not being com-
manded by the driver, even when a fault condition is
present due to a single-point sensing switch failure.
Continued normal operation of the control system can
be obtained following the early warning of a single-point
switch failure.

[0007] Transient error signals might be obtained indi-
cating failure of a range sensing switch when an inter-
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mittent failure condition has occurred. An error signal
will be observed by the driver, however, only if the total
number of error codes in a given time interval exceeds
a calibrated threshold number.

[0008] Digital error codes are established by my im-
proved control system to identify the exact type of sin-
gle-point switch failure present in the system.

[0009] The invention will now be described, by way of
example, with reference to the accompanying drawings,
in which:

Figure 1 is a schematic system overview of an en-
gine, a manual transmission, a powertrain control-
ler, and a push-button driver interface indicating the
principal subsystems that are involved in automatic
control of the clutch and transmission;

Figure 2 is a schematic representation of a shift
management system including a clutch control
module, a manual transmission with actuator cylin-
ders and a control valve body, together with a push-
button driver interface;

Figure 3 shows a portion of the control system ded-
icated specifically to the clutch control;

Figure 3a is a plot of the shift events that occur dur-
ing a shift interval including wheel torque, transmis-
sion input speed and engine speed;

Figure 4 is a schematic representation of the push
buttons on the console of the vehicle that are actu-
ated by the driver in the control of the transmission
clutch and the ratio changing actuators;

Figure 5 is a schematic drawing of one embodiment
of range sensing switches with inherent redundan-
cy;

Figure 6 is a schematic representation of a switch-
ing circuit according to a second embodiment;
Figure 6a is a chart showing three-bit digital codes
established for the switching circuit of Figure 6;
Figure 7 is a flowchart showing a range sensing re-
dundancy strategy for the automated shifting man-
ual transmission using the switching circuit of Fig-
ure 6;

Figure 8 is an alternate switching circuit design with
inherent redundancy;

Figure 8a is a chart showing three-bit digital codes
that are established by the switching circuit of Fig-
ure 8;

Figure 9 is a flowchart showing the range sensing
redundancy strategy for an automated shifting man-
ual transmission using the switching circuit of Fig-
ure 8;

Figure 10ais a chart showing digital error codes that
are established by selected switch failures for use
in servicing of the switching circuit shown in Figure
6; and

Figure 10b is a chart showing the error codes for
selected switch failures for the switching circuit of
Figure 8.
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[0010] A system overview is shown in Figure 1. It in-
cludes an engine and transmission electronic controller
for a vehicle engine 12 and a manually controlled trans-
mission 14. A neutral clutch 16 establishes a driving
connection between the crankshaft of the engine 12 and
the torque input shaft of the transmission 14. The con-
troller 10 establishes torque management for the en-
gine, clutch management for the clutch 16 and shift
management for the transmission 14.

[0011] A push-button assembly 18 establishes a driv-
er interface 4 with the engine and transmission control-
ler 10. Range selection is made at 17 and upshifts and
downshifts with selected range "D" are made at 19.
[0012] Figure 2 shows the portion of the control sys-
tem that is devoted to shift management.

[0013] The transmission control unit, for purposes of
the shift management system illustrated in Figure 2, in-
cludes a transmission module 20 devoted to clutch con-
trol as well as shift control. The transmission 14 includes
actuator cylinders 22 and 24, which respectively control
selection of the shift rails for the transmission 14 and
the shifting movement of the synchroniser clutch
sleeves that are associated with the individual shift rails.
Actuating pressure is distributed to the actuator cylin-
ders 22 and 24 by a valve control body 26 through feed
and return lines as shown. A hydraulic power unit 28
comprising a pump and motor assembly provides pres-
sure to the valve body 26. The fluid for the pump portion
of the hydraulic power unit is shown at 30, and a pres-
sure accumulator on the high pressure side of the pump
and motor assembly is shown at 32. Range and auto-
select (for D range) selection, accomplished by a push-
button driver interface 34, is delivered to the control
module 20 through signal flow path 33. Corresponding
manual upshift and downshift signals are delivered from
the push-button driver interface 34 through signal flow
path 36.

[0014] A control module 20 receives driver input and
establishes actuator position targets which are deliv-
ered through signal flow path 38 to the valve control
body. Feedback signals representing the actual actuator
positions are delivered through signal flow path 40 to
the control module 20. These indicate the actual posi-
tions established by actuator 24. Corresponding actual
position signals for the actuator cylinder 22 are delivered
to the control module 20 through the signal flow path 42.
Gear range confirmation and error warnings are dis-
played by a light, seen at 39 in Figures 2 and 3.

[0015] Figure 3 shows the portion of the system that
is devoted to clutch management. This includes a hy-
draulic slave cylinder 44, which applies and releases
clutch 16. Pressure is distributed to the cylinder 44 from
the hydraulic power unit 28. Control module 20 commu-
nicates with the hydraulic power unit 28 through control
valve signal distribution line 46. Information concerning
the position of the cylinder 44 is fed back to the control
module 20 through signal flow path 48.

[0016] Otherinput signals are received by the control
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module 20 from the transmission input speed sensor 50
and from the brake light switch 52. The throttle position
signal for the engine 12 is distributed from position trans-
ducer 54 to the control module 20 through signal flow
path 54.

[0017] Figure 3a is a plot of wheel torque, transmis-
sion input speed and engine speed during a shift inter-
val. A shift is initiated at point 56 of the wheel torque plot
when release of the clutch 16 is initiated and the ratio
shift is commanded. Upon clutch disengagement, the
wheel torque is reduced to 0 at point 58 and remains at
that level until the end of the gear shift time at point 60.
Upon re-engagement of the clutch, the wheel torque in-
creases to its steady state value at point 62. Assuming
that the shift is an upshift, the point 62 is lower in the
plot of Figure 3 relative to the point 56 when the shift is
initiated. Upon re-engagement of the clutch, torque fluc-
tuations will occur as shown at 64 until a steady state
value is obtained.

[0018] The engine speed, beginning at the initiation
of the shift at point 56, will decrease because of the con-
trol strategy in the engine control portion of the control-
ler. The engine speed continues to decrease in value as
shown as 66 until the end of the shift interval at point
68. The transmission input speed also decreases at the
intermediate part of the total shift time, as shown at 70.
It achieves a steady state condition following completion
of the shift at point 68.

[0019] A series of push buttons is located on the ve-
hicle console. These include a reverse button 70 as
seen in Figure 4, a neutral button 72 and a drive (for-
ward) mode button 74. The mode that is chosen by the
push buttons 70, 72 and 74 is indicated at a visual dis-
play 76. The reverse button selects reverse gear from
the neutral state. The neutral button 72 selects geared
neutral. The neutral mode must be selected before a
range change request between drive and reverse can
be executed. The drive button selects the forward auto-
matic shift mode from the neutral state. The drive mode
allows start-up in first gear with automatic upshifts and
downshifts through all forward gear ratios. A manual se-
lect shift start-up mode is available in first gear or second
gear with driver control of upshifts and downshifts. For
this purpose, rocker switches, not shown, are located
on the steering wheel to permit the driver to select the
SSM mode and to request upshifts and downshifts. A
vehicle must be in the drive mode before the SSM mode
can be selected.

[0020] In Figure 5, a push-button switch assembly for
drive ratio selection is shown at 78. Two other switch
assemblies for neutral and reverse selections are
shown at 80 and 82. Each switch assembly comprises
three switch elements. The switch elements for switch
assembly 78 is shown at 84, 86 and 88 in the embodi-
ment of Figure 5. Switch elements 84, 86, and 88 are
arranged in parallel with a common ground 90. A redun-
dant ground, shown at 92, extends to a ground pin on
the switch module 94 and the transmission control unit
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96.

[0021] Switch elements 84, 86, and 88 are activated
when the D push button is pressed by the driver. Corre-
sponding switch elements for the neutral push button
are activated when switch assembly 80 is pressed. Sim-
ilarly, the switch assembly 82 establishes reverse drive
mode when the reverse push button R is pressed by the
driver.

[0022] Each switch assembly establishes three inde-
pendent signals. These are identified as SD1, SD2 and
SD3 in the case of the D operating mode. Signals for
the N mode are identified as signals SN1, SN2 and SN3.
The signals for the reverse mode are identified as SR1,
SR2, and SR3. These signals are received by a trans-
mission control unit 96 which receives the outputs from
the selected switches as digital input information
(DIG_IN).

[0023] The module 96 has a light-emitting diode sup-
ply 98 and light-emitting diode output pins shown at 100,
102 and 104. The module 96 has digital input signal pins
for each of the switching elements, as shown.

[0024] Figure 6 shows another embodiment of the
switching assembly for the push buttons. Although only
one switch assembly is shown in Figure 6, it should be
understood that a similar switch assembly would be
used for each of the push buttons N, R and D to establish
these ranges.

[0025] In the case of the switch assembly of Figure 6,
there is a single-pole, double-throw switch in parallel
with a single-pole, single-throw switch configuration.
The parallel, single-pole, double-throw switches are
shown at 106 and 108 and the single-pole, single-throw
switch is shown at 110. The single-pole, double-throw
switch is grounded at 112. The single-pole, single-throw
switch is grounded at 114.

[0026] The switch contact inputs for contact points
106, 108 and 110, as well as the ground inputs for the
ground circuits 112 and 114, are received by the control
unit at 20.

[0027] Figure 6a shows valid codes and error codes
that are established as each push button is pushed. Fig-
ure 6a shows ten circumstances, each of which is char-
acterised by separate "at rest" error codes and separate
"momentary" error codes. These circumstances are
designated by item numbers 1-10. The "at rest" error
codes refer to the codes that are established when the
push button is not pushed. The "momentary" error
codes refer to the codes that are established when the
button is pushed.

[0028] There are three inputs, each being represent-
ed by a separate one of three bits for the various error
codes. An open switch or an open circuit would be rep-
resented by the symbol "1", and a closed switch or a
closed circuit would is represented by the symbol "0".
During the "at rest" state, no range change is being com-
manded. For item "1", switch contact 106 is closed,
switch contact 108 is open and switch contact 110 is
open. A momentary switch state is enabled when the
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driver requests a range change. During this momentary
switch state, switch contact 106 is open, switch contact
108 is closed, and switch contact 110 is closed.

[0029] Figure 6, unlike Figure 5, details redundant
grounds for each switch.

[0030] The control unit 20 has stored in its ROM por-
tion of the memory two valid codes which are indicated
in the first column of Figure 6a. The two valid codes are
011 and 100. Each time a switch assembly comprising
the three switch contacts is pushed, a code is estab-
lished. If the code that is established corresponds to a
valid code, an error is not indicated in the visual display.
The code that is established as each push button is
pushed is compared by the central processor portion of
the control unit 20 to the valid codes to determine wheth-
er there is correspondence between the current code
and one of the valid codes.

[0031] The codes that are received by the control unit
are parallel bit inputs. There are two independent signal
return lines, one for each switch, which are routed back
to the control unit 20 to provide robust and secure circuit
grounds, as shown at 112 and 114.

[0032] Any single-point switch failure that occurs dur-
ing the at-rest state develops a unique set of codes that
will never be repeated in the momentary switch state
with a single-point switch failure present. This unique
code setis 001, 010, and 111. Because of this property,
codes 001, 010, and 111 can be identified as "at rest"
codes with a single-point switch failure present. Normal
operating system functions can continue with a single-
point failure present while at the same time alerting the
driver of the presence of a switch failure. This is done
by illuminating a system warning light.

[0033] During the momentary state, the valid code is
100, unlike the valid code of 011 for the at rest state.
[0034] A single-point switch failure that occurs during
a momentary state yields a unique set of codes that will
never be repeated in the at rest switch state with a sin-
gle-point switch failure present. This unique code set is
000, 110 and 101. Because of this, code 000, 110 and
101 can be identified as a range change request com-
mand with a single-point switch failure present. Normal
operating system functions can continue with a single-
point failure present while alerting the driver to a switch
failure, as explained above.

[0035] Each of the error codes identified in Figure 6a
corresponds to a separate condition, which is listed in
the right-hand column of Figure 6a.

[0036] Certain single-point switch failures can be
masked under a valid "at rest" state code 011 or a valid
momentary state code 100. However, these types of fail-
ure are easily identified when a switch state change is
made. For example, a short in the single-pole, double-
throw switch contact will yield a valid 011 "at rest" state
code. However, when the next range change command
is made, the failure is detected. The range change "mo-
mentary" state code yields a reading of 000 with such a
failure present. The code 000 is identified as a range
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change request with a single-point failure present.
[0037] The strategy further provides three-bit separa-
tion protection against an unintended change in direc-
tion. Comparing the valid "at rest" code 011 to the valid
momentary code 100, it is apparent that each bit is sep-
arated. For the "at rest" code 011 to be translated to the
valid momentary code 100, the first switch contact must
fail open while the second and third switch contacts
must fail shorted.

[0038] Figure 8 shows three parallel, single-pole, sin-
gle-throw switch configurations. The valid "at rest" state
is shown in Figure 8. No range change is being com-
manded. Single-pole, single-throw switch contacts 1, 2
and 3 are open, as shown in Figure 8. A momentary
switch state is enabled when the driver requests a
change. During this momentary switch state, the single-
pole, single-throw switch contacts 1, 2 and 3 are closed.
[0039] Each of the push buttons for drive, neutral and
reverse would have three single-pole, single-throw
switches wired in parallel, as shown in Figure 8. The sig-
nal from the range sensing switch assembly is sent to a
transmission control unit 20", as shown in Figure 8. This
corresponds to the transmission control unit 20 in Figure
6. This signal to the control unit 20' is a parallel three-
bit input from the switch contacts 1, 2, and 3. Three in-
dependent signal return wires are routed back to the
transmission control unit to provide a robust and secure
circuit ground.

[0040] InFigure 8a, the "at rest" state has a valid code
of 111, where the first bit correlates to switch contact 1,
the second bit correlates to the switch contact 2, and the
third bit correlates to the switch contact 3. Any single-
pole switch failure that occurs during the "at rest" state
yields a unique set of codes that will never be repeated
in a momentary switch state with a single-point switch
failure present. This unique code set is 011, 101 and
110. Because of this, codes 011, 101 and 110 can be
identified as an "at rest" code with a single-point failure
present. Normal operating function can continue with a
single-point failure present while alerting the driver of
the switch failure by means of a warning light.

[0041] During the momentary state, the valid code is
000, as shown in the first column of Figure 8a. Any sin-
gle-point switch failure that occurs during the momen-
tary state yields a unique set of codes that will never be
repeated in the "at rest" switch state with a single-point
switch failure present. This unique code setis 100, 010,
and 001. Because of this property, codes 100, 010, and
001 can be identified as a range change request com-
mand with a single-point switch failure present. Normal
operating system function can continue with a single-
point failure present, although the driver is alerted to the
switch failure by a warning light.

[0042] Certain single-point switch failures can be
masked under a valid "at rest" state code 111 or a valid
momentary state code 000. These types of failures can
be identified, however, when a switch state change is
made. For example, an open single-pole, single-throw
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switch failure occurring at switch contact 1 will yield a
valid at rest state code of 111. However, when the next
range change request command is made, the failure is
detected. The range change momentary state code
yields a 100 error code with the above failure present.

[0043] Error code 100 would be identified in the strat-
egy as arange change request with a single-point failure
present. This strategy also provides three-bit separation
against an unintended change in direction. Comparing
the valid "at rest" code 111 to the valid momentary code
000, it is seen that the bits are separated. For the "at
rest" error code 111 to be translated into the valid mo-
mentary code 000, all switch contacts must fail shorted.
[0044] Figure 8, unlike Figure 6, shows three inde-
pendent grounds for the three switches 106, 108 and
110. These grounds are respectively shown at 116, 112
and 114'. In Figure 8, the numerals with prime notations
correspond to numerals used in Figure 6 to designate
corresponding elements.

[0045] In Figure 7, the control strategy is set out in
flow diagram form for the parallel, single-pole, double-
throw switch and single-pole, single-throw switch con-
figuration of Figure 6. The control routine starts at 118.
Inquiries are made at points 120, 122, 124 and 126 to
determine whether the various error codes are present.
An inquiry is made at 120 to determine whether code
011 is present. If not, a check is made at 122 to deter-
mine whether codes 001,010 or 111 are present. If these
codes are not present, an inquiry is made at 124 as to
whether code 100 is present. If it is not present, an in-
quiry is made at 120 to determine whether codes 000,
110, or 101 are present. A positive answer to any of
these inquiries will shift the routine to the right in Figure
7.Since 011 is a valid code, no error is detected at action
block 128 so no change of direction is requested at ac-
tion block 130 for the "at rest" switch state.

[0046] If a single-point switch error code is detected
in the "rest state" as a result of a positive response to
the inquiry at 122, an up-counter is incremented. If sub-
sequent control loops for the microprocessor controller
establish a repeat of the error code and the number of
error codes recorded by the up-counter exceeds a
threshold value, then a warning light is illuminated. This
is shown at action block 132. At action block 134, it is
determined that no change of direction is requested but
the "at rest" state with a single-point error is indicated.

[0047] As aresult of the positive inquiry of 124, which
means that the code is valid, action block 136 does not
record an error code and a change of direction is allowed
as shown at 138.

[0048] A positive response to the inquiry at 126 indi-
cates, as shown at action block 140, that a single-point
switch error code is detected in the momentary switch
state. This again will increment the error up-counter. The
warning light will be illuminated if the error up-counter
records errors above a threshold number. A request for
a change of direction can be allowed, as shown at 142,
although a momentary switch state with a single-point
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error present is indicated by the warning light.

[0049] Figure 9 showsin flow diagram form the control
strategy for the three parallel, single-pole. single-throw
switch configuration of Figure 8. The routine starts at
144, and the presence of an error code is tested as in
the case of Figure 7. At point 146, the processor detects
a valid code 111 indicating, as shown at 148, that no
error code is present. No change of direction is request-
ed as indicated at 150. If the inquiry at 146 is negative,
a test is made at 152 to determine whether codes 011,
101 or 110 are present. If any of these codes is present,
a single-point switch error code is detected in the "at
rest" state, as shown in 154. This again increments the
up-counter. If the error continues and the error threshold
is exceeded, a warning light will be illuminated. Under
these conditions, no change of direction is requested as
shown at 156. If code 000 is detected at 158, that indi-
cates no error is present. A request for change of direc-
tion then is allowed, as shown at 162.

[0050] Iftheinquiry of 158 is negative, itis determined
whether error codes 100, 010 or 001 are present, as
shown at 164. If the inquiry is positive, that means a sin-
gle-point switch error code is detected in the momentary
switch state, as shown at 166. This increments the up-
counter; and if the number of up-counts exceeds the
threshold, the error warning light is illuminated. A re-
quest for a change of direction is allowed even with a
momentary switch state single-point error present, as
shown at 168.

[0051] Figures 10a and 10b show tables that are use-
ful for servicing and diagnostic purposes. It is a tabula-
tion of error codes indicating various switch problems.
Further, it can be determined, using the error code tab-
ulation of Figures 10a and 10b, where the failure occurs.
The chart of Figure 10a corresponds to the single-pole,
double-throw and single-pole, single-throw switch con-
figuration (Figure 6). Figure 10b, on the other hand, cor-
responds to the three single-pole, single-throw switch
configuration of Figure 8.

[0052] In Figure 10a, a short in switch 1 is detected if
the error code 000 is present. An error code of 001 will
detect a short in switch 2 and an error code of 010 will
detect a short in switch 3.

[0053] An error code of 111 indicates that there are
two possibilities for switch failures. Those possibilities
are: Switch 1 is open, or ground line 112 is open.
[0054] An error code of 110 eliminates all possibilities
except two. That is, this error code will indicate that the
failure is an open switch 2 or an open ground 112. An
error code of 101 indicates that the failure is an open
circuit for switch 3 or an open ground circuit at 114.
[0055] The corresponding diagnostic chart for the
switch configuration of Figure 8 is shown in Figure 10b.
As in the case of Figure 10a, the first three error codes
tabulated in Figure 10b designate which switch is short-
ed. The last three error codes tabulated in Figure 10b
provide two possibilities for failures -- either an open
switch or an open ground.
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Claims

1. A push-button range control system for an automo-
tive vehicle driveline having a throttle-controlled en-
gine and a multiple ratio transmission;

servo actuator means for shifting torque trans-
mitting elements of said transmission to effect
speed ratio changes;

a hydraulic pressure source for said actuators;
valve control means for distributing actuating
pressure to said actuator to effect a drive range
mode, a neutral mode, and a reverse drive
mode;

electronic controller means responsive to oper-
ating variables of said engine and said trans-
mission for effecting speed ratio ranges in said
drive range mode; and

a push-button driver interface means commu-
nicating with said controller means including
discrete switches for establishing command
signals for said controller to effect selectively
each of said modes;

each of said switches having three switch con-
tacts connected to said controller means and
multiple signal return grounds, each switch
contact corresponding to a separate bit of a
three-bit code;

said controller including a memory having first
memory registers for storing valid codes and
second memory registers for storing error
codes indicating and identifying failures in said
switches, each error code corresponding to a
separate switch failure; and

means for developing a warning signal in re-
sponse to the presence of an error code.

2. A push-button range control system with range
sensing switches for an automotive vehicle drive
line having a throttle-controlled engine and a multi-
ple ratio transmission;

servo actuator means for shifting torque trans-
mitting elements of said transmission to effect
speed ratio changes;

a hydraulic pressure source for said actuator;

a valve control means for distributing actuating
pressure to said actuators to effect a drive
range mode, a neutral mode, and a reverse
drive mode;

electronic controller means responsive to oper-
ating variables of said engine and said trans-
mission for effecting speed ratio changes in
said drive range mode; and

a push-button driver interface means commu-
nicating with said controller means including
discrete switches for establishing command
signals for said controller to effect selectively
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each of said modes;

each of said switches having three switch con-
tacts connected to said controller means and
multiple signal return grounds, each switch
contact corresponding to a separate bit of a
three-bit code;

said controller including a memory having first
memory registers for storing valid codes and
second memory registers for storing error
codes indicating and identifying failures in said
switches, each error code corresponding to a
separate switch failure;

said memory of said controller means having
registers storing a range sensing redundancy
strategy,

each of said switches having redundant switch
circuits, a failure in one switch circuit of each
switch being a single-point failure and a failure
in two switch circuits of each switch being a dual
point failure; and

means pursuant to said redundancy strategy
for developing a warning signal in response to
the presence of an error code corresponding to
a single-point failure when a range change is
commanded while allowing normal control sys-
tem operation.

3. A range control system as claimed in claim 1,

wherein said electronic controller includes an up-
counter, said up-counter receiving said error codes
and incrementing toward a predetermined thresh-
old value as each error code is detected;

said warning signal being developed when
said threshold is exceeded.

A range control system as claimed in claim 2,
wherein said electronic controller includes an up-
counter, said up-counter receiving said error codes
and incrementing toward a predetermined thresh-
old value as each error code is detected,;

said warning signal being developed when
said threshold is exceeded.

A range control system as claimed in claim 2,
wherein each switch contact of each switch corre-
sponds a separate bit of a code, each switch having
valid codes and a series of error codes correspond-
ing to an at-rest switch state when the switch is not
activated and a series of momentary error codes
when the switch is in an activated state wherein said
redundancy strategy develops separate error
codes for each switch state for each switch depend-
ing upon whether the switch is activated or not ac-
tivated.

A range control system as claimed in claim 5,
wherein said redundancy strategy includes unique
error codes for each switch state of each switch
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whereby a failure signal developed by said control-
ler means identifies the switch that is failed.

A range control system as claimed in claim 1,
wherein each switch contact of each switch has a
separate ground connection.

A range control system as claimed in claim 1,
wherein two of said switch contacts for each switch
have a common ground connection.

A range control system as claimed in claim 2,
wherein each switch has a separate ground con-
nection.

A range control system as claimed in claim 2,
wherein two of said switch contacts for each switch
have a common ground connection.
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